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DESCRIPTION 

PHOTODETECTOR 
Technical Field 

[0001] The present invention relates to a photodetector for detecting a 
5 two-dimensional position where light is incident. 

Background Art 

[0002] Generally, in a known photodetector, image data obtained by 
imaging is taken into an image memory and then two-dimensional 
positions are detected after image processing, by the use of a solid-state 
10 image sensing device such as a MOS image sensor (see for example, 

Patent Document 1). 

[0003] [Patent Document 1] Japanese Patent Application Laid-Open 

No. 01-167769 

Disclosure of the Invention 

15 [0004] In the above-described known art, however, an image memory is 

required for storing the obtained image data, which causes a 
complicated structure of the device. Besides, since two-dimensional 
positions are detected by an operation process after storing the image 
data into the image memory, a detecting process of the two-dimensional 

20 positions takes time. 

[0005] The present invention has been accomplished in view of the 
above respect and an object of the invention is to provide a 
photodetector capable of achieving increase in the speed of the detecting 
process of two-dimensional position and simplification of the structure. 

25 [0006] In order to achieve the above object, a photodetector according 

to the present invention is a photodetector having a photosensitive 
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region in which pixels are arranged in a two-dimensional array, wherein 
each pixel is constructed of a plurality of photosensitive portions each 
of which outputs an electric current according to an intensity of incident 
light and which are arranged adjacent to each other within an identical 
5 plane, wherein across a plurality of pixels arrayed in a first direction in 

the two-dimensional array, photosensitive portions on one side out of 
the plurality of photosensitive portions forming each of the pixels are 
electrically connected to each other, wherein across a plurality of pixels 
arrayed in a second direction in the two-dimensional array, 

10 photosensitive portions on another side out of the plurality of 

photosensitive portions forming each of the pixels are electrically 
connected to each other, the photodetector comprising a signal 
processing circuit for reading electric currents from groups of 
photosensitive portions on the one side electrically connected among the 

15 plurality of pixels arrayed in the first direction and electric currents from 

groups of photosensitive portions on the another side electrically 
connected among the plurality of pixels arrayed in the second direction, 
and for detecting luminance profiles in the first direction and in the 
second direction in the two-dimensional array on the basis of the 

20 electric currents. 

[0007] In the photodetector according to the present invention, light 
incident to one pixel is detected in each of a plurality of photosensitive 
portions forming the pixel and an electric current according to an 
intensity of the light is outputted from each photosensitive portion. 

25 Since the photosensitive portions on the one side are electrically 

connected to each other across a plurality of pixels arrayed in the first 
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direction in the two-dimensional array, the electric currents from the 
photosensitive portions on the one side are fed in the first direction. 
Since the photosensitive portions on the another side are electrically 
connected to each other across a plurality of pixels arrayed in the second 
5 direction in the two-dimensional array, the electric currents from the 

photosensitive portions on the another side are fed in the second 
direction. Since the electric currents from the photosensitive portions 
on the one side are fed in the first direction while the electric currents 
from the photosensitive portions on the another side are fed in the 

10 second direction, it becomes feasible to obtain the luminance profiles in 

the first direction and the luminance profiles in the second direction 
independently of each other. As a result, the two-dimensional position 
of incident light can be quickly detected by the extremely simple 
configuration wherein a plurality of photosensitive portions are arranged 

15 in each pixel. 

[0008] In the present invention, one signal processing circuit detects 
each of the luminance profiles in the first direction and the luminance 
profiles in the second direction. Since the common circuit is used as a 
circuit for processing the electric currents from the groups of 

20 photosensitive portions on the one side and as a circuit for processing 

the electric currents from the groups of photosensitive portions on the 
another side, the circuit area can be reduced, so as to achieve cost 
reduction. 

[0009] Preferably, the signal processing circuit comprises: a shift 
25 register for sequentially reading the electric currents from the groups of 

photosensitive portions on the one side, in the second direction and for 



3 



FP04-00 14-00 



sequentially reading the electric currents from the groups of 
photosensitive portions on the another side, in the first direction; and an 
integrating circuit for sequentially importing the electric currents from 
the groups of photosensitive portions on the one side and the electric 
5 currents from the groups of photosensitive portions on the another side 

sequentially read by the shift register, and for converting the electric 
currents into voltages. When the apparatus is constructed in this 
manner, it can obtain the luminance profiles in the first direction and the 
luminance profiles in the second direction by the extremely simple 

10 configuration. 

[0010] Preferably, the signal processing circuit comprises: integrating 
circuits provided corresponding to the groups of photosensitive portions 
on the one side and the groups of photosensitive portions on the another 
side, each of which converts either of an electric current from a 

1 5 corresponding group of photosensitive portions on the one side and an 

electric current from a corresponding group of photosensitive portions 
on the another side, into a voltage, and outputs the voltage; CDS circuits 
provided corresponding to the integrating circuits, each of which 
outputs a voltage according to a variation amount of the voltage 

20 outputted from a corresponding integrating circuit; sample-and-hold 

circuits provided corresponding to the CDS circuits, each of which 
holds a voltage outputted from a corresponding CDS circuit and outputs 
the voltage; and a maximum detecting circuit for detecting a maximum 
of voltages outputted from the respective sample-and-hold circuits; and 

25 an A/D converter circuit for sequentially importing the voltages 

outputted from the respective sample-and-hold circuits, converting the 
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voltages into digital values on the basis of the maximum detected by the 
maximum detecting circuit, and outputting the digital values. When 
the apparatus is constructed in this manner, the CDS circuits eliminate 
noise error even if each of the integrating circuits has different noise 
variations depending upon integrating operations. In addition, the 
apparatus can provide excellent resolution of A/D conversion not only at 
high intensities of light incident to the photosensitive portions, but also 
at low intensities of light. In consequence, the apparatus is able to 
obtain the luminance profiles in the first direction and the luminance 
profiles in the second direction with high accuracy. 
[0011] Another photodetector according to the present invention is a 
photodetector having a photosensitive region, wherein the 
photosensitive region comprises a plurality of first photosensitive 
portions electrically connected to each other in a first direction and a 
plurality of second photosensitive portions electrically connected in a 
second direction intersecting with the first direction, wherein the 
plurality of first photosensitive portions and the plurality of second 
photosensitive portions are arrayed in a two-dimensionally mixed state 
within an identical plane, and the photodetector comprising a signal 
processing circuit for reading electric currents from groups of first 
photosensitive portions electrically connected to each other in the first 
direction and electric currents from groups of second photosensitive 
portions electrically connected to each other in the second direction, and 
for detecting luminance profiles in the first direction and in the second 
direction in the two-dimensional array on the basis of the electric 
currents. 
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[0012] In the photodetector according to the present invention, light 
incident to the photosensitive region is detected in any one of the first 
photosensitive portions and the second photosensitive portions, and an 
electric current according to an intensity of the light is outputted from 
each photosensitive portion. Since the first photosensitive portions are 
electrically connected to each other in the first direction, the electric 
currents from the first photosensitive portions are fed in the first 
direction. Since the second photosensitive portions are electrically 
connected to each other in the second direction, the electric currents 
from the second photosensitive portions are fed in the second direction. 
Since the electric currents from the first photosensitive portions are fed 
in the first direction while the electric currents from the second 
photosensitive portions are fed in the second direction as described 
above, it becomes feasible to obtain the luminance profiles in the first 
direction and the luminance profiles in the second direction 
independently of each other. As a result, the apparatus is able to 
quickly detect the two-dimensional position of incident light by the 
extremely simple configuration wherein the plurality of first 
photosensitive portions and the plurality of second photosensitive 
portions are arrayed in the two-dimensionally mixed state in an identical 
plane. 

[0013] In the present invention, one signal processing circuit detects 
each of the luminance profiles in the first direction and the luminance 
profiles in the second direction. Since the common circuit is used as a 
circuit for processing the electric currents from the groups of first 
photosensitive portions and as a circuit for processing the electric 
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currents from the groups of second photosensitive portions, the circuit 
area can be reduced, so as to achieve cost reduction. 
[0014] Preferably, the signal processing circuit comprises: a shift 
register for sequentially reading the electric currents from the groups of 
5 first photosensitive portions in the second direction and for sequentially 

reading the electric currents from the groups of second photosensitive 
portions in the first direction; and an integrating circuit for sequentially 
importing the electric currents from the respective groups of first 
photosensitive portions and the electric currents from the respective 

10 groups of second photosensitive portions sequentially read by the shift 

register, and for converting the electric currents into voltages. When 
the apparatus is constructed in this manner, the apparatus is able to 
obtain the luminance profiles in the first direction and the luminance 
profiles in the second direction by the extremely simple configuration. 

15 [0015] Preferably, the signal processing circuit comprises: integrating 

circuits provided corresponding to the groups of first photosensitive 
portions and the groups of second photosensitive portions, each of 
which converts either of an electric current from a corresponding group 
of first photosensitive portions and an electric current from a 

20 corresponding group of second photosensitive portions, into a voltage, 

and outputs the voltage; CDS circuits provided corresponding to the 
integrating circuits, each of which outputs a voltage according to a 
variation amount of the voltage outputted from a corresponding 
integrating circuit; sample-and-hold circuits provided corresponding to 

25 the CDS circuits, each of which holds a voltage outputted from a 

corresponding CDS circuit and outputs the voltage; a maximum 
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detecting circuit for detecting a maximum of voltages outputted from 
the respective sample-and-hold circuits; and an A/D converter circuit for 
sequentially importing the voltages outputted from the respective 
sample-and-hold circuits, converting the voltages into digital values on 
the basis of the maximum detected by the maximum detecting circuit, 
and outputting the digital values. When the apparatus is constructed in 
this manner, the CDS circuits eliminate noise error even if each of the 
integrating circuits has different noise variations depending upon 
integrating operations. In addition, the apparatus can provide excellent 
resolution of A/D conversion not only at high intensities of light 
incident to the photosensitive portions, but also at low intensities of 
light. In consequence, the apparatus is able to obtain the luminance 
profiles in the first direction and the luminance profiles in the second 
direction with high accuracy. 
Brief Description of the Drawings 

[0016] Fig. 1 is a schematic configuration diagram showing a 

photodetector according to an embodiment of the present invention. 

[0017] Fig. 2 is an enlarged plan view of major part showing an 

example of a photosensitive region included in the photodetector 

according to the embodiment of the present invention. 

[0018] Fig. 3 is a sectional view along line HI-III in Fig. 2. 

[0019] Fig. 4 is an enlarged plan view of major part showing an 

example of a photosensitive region included in the photodetector 

according to the embodiment of the present invention. 

[0020] Fig. 5 is an enlarged plan view of major part showing an 

example of a photosensitive region included in the photodetector 
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according to the embodiment of the present invention. 
[0021] Fig. 6 is an enlarged plan view of major part showing an 
example of a photosensitive region included in the photodetector 
according to the embodiment of the present invention. 
5 [0022] Fig. 7 is an enlarged plan view of major part showing an 

example of a photosensitive region included in the photodetector 
according to the embodiment of the present invention. 
[0023] Fig. 8 is an enlarged plan view of major part showing an 
example of a photosensitive region included in the photodetector 
10 according to the embodiment of the present invention. 

[0024] Fig. 9 is a schematic configuration diagram showing a signal 
processing circuit included in the photodetector according to the 
embodiment of the present invention. 

[0025] Fig. 10 is a timing chart for explaining the operation of the 

1 5 signal processing circuit. 

[0026] Fig. 11 is a schematic configuration diagram showing a 
modification example of the signal processing circuit included in the 
photodetector according to the embodiment of the present invention. 
[0027] Fig. 12 is a circuit diagram of an integrating circuit included in 

20 the modification example of the signal processing circuit. 

[0028] Fig. 13 is a circuit diagram of a CDS circuit included in the 
modification example of the signal processing circuit. 
[0029] Fig. 14 is a circuit diagram of a sample-and-hold circuit 
included in the modification example of the signal processing circuit. 

25 [0030] Fig. 15 is a circuit diagram of a maximum detecting circuit 

included in the modification example of the signal processing circuit. 
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[0031] Fig. 16 is a circuit diagram of an AID converter circuit included 

in the modification example of the signal processing circuit. 

[0032] Fig. 17 is a schematic configuration diagram showing a 

modification example of the photodetector according to the embodiment 

of the present invention. 

Best Mode for Carrying out the Invention 

[0033] The photodetector according to an embodiment of the present 
invention will be described with reference to the drawings. The same 
elements, or elements with the same functionality will be denoted by the 
same reference symbols in the description, without redundant 
description. In the description hereinafter, parameters M and N are 
integers of not less than 2. Unless otherwise stated in particular, 
parameter m denotes an arbitrary integer of not less than 1 nor more 
than M, and parameter n an arbitrary integer of not less than 1 nor more 
than N. 

[0034] Fig. 1 is a schematic configuration diagram showing the 
photodetector according to the present embodiment. The 
photodetector 1 of the present embodiment has a photosensitive region 
10 and a signal processing circuit 20, as shown in Fig. 1 . 
[0035] The photosensitive region 10 consists of pixels limn which are 
two-dimensionally arrayed in a matrix of M rows and N columns. 
Each pixel is composed of a photosensitive portion 12™ (first 
photosensitive portion) and a photosensitive portion 13,™ (second 
photosensitive portion) each of which outputs an electric current 
according to an intensity of incident light and which are arranged 
adjacent to each other in an identical plane. In this configuration, 

10 



FP04-00 14-00 



photosensitive portions 12™ and photosensitive portions 13™ are 
arrayed in a two-dimensionally mixed state in an identical plane in the 
photosensitive region 10. 

[0036] Across a plurality of pixels 11h-11in, II21-H2N,", Umi-Umn 
5 arrayed in a first direction in the two-dimensional array, photosensitive 

portions 12™ on one side (e.g., photosensitive portions 12n-12 ]N on one 
side) out of the plurality of photosensitive portions 12™, 13™ forming 
the respective pixels 11™ are electrically connected to each other. 
Across a plurality of pixels lln-ll M i, H12-HM2,- •-, 1 1 in- Hmn arrayed in 
10 a second direction in the two-dimensional array, photosensitive portions 

13™ on the other side (e.g., photosensitive portions 13n-13 M1 on the 
other side) out of the plurality of photosensitive portions 12™, 13™ 
forming the respective pixels 11™ are electrically connected to each 
other. 

15 [0037] The configuration of the photosensitive region 10 will be 

described below on the basis of Figs. 2 and 3. Fig. 2 is an enlarged 
plan view of major part showing an example of the photosensitive 
region included in the photodetector, and Fig. 3 a sectional view along 
line ni-ni in Fig. 2. Fig. 2 is illustrated without illustration of 

20 protective layer 48. 

[0038] The photosensitive region 10 includes a semiconductor substrate 
40 made of a p-type (first conductivity type) semiconductor, and n-type 
(second conductivity type) semiconductor regions 41, 42 formed in the 
surface layer of the semiconductor substrate 40. In this configuration, 

25 each pair of photosensitive portions 12™, 13™ include a part of 

semiconductor substrate 40 and a set of second conductivity type 
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semiconductor regions 41, 42, thereby forming photodiodes. As 
shown in Fig. 2, the second conductivity type semiconductor regions 41, 
42 are of approximately triangular shape, when viewed from the light- 
incident direction, and each pixel consists of two regions 41, 42 
adjacent on one side to each other. The semiconductor substrate 40 is 
kept at the ground potential. The photosensitive region 10 may also be 
comprised of a semiconductor substrate made of an n-type 
semiconductor, and p-type semiconductor regions formed in the surface 
layer of the semiconductor substrate. As seen from Fig. 2, regions 41 
(photosensitive portions 12™) and regions 42 (photosensitive portions 
13mn) are alternately arrayed both in the first direction and in the second 
direction. In addition, the regions 41 (photosensitive portions 12^) 
and the regions 42 (photosensitive portions 13^) are also alternately 
arrayed both in a third direction intersecting with the first direction and 
with the second direction (e.g., a direction intersecting at 45°) and in a 
fourth direction similarly intersecting with the first direction and with 
the second direction (e.g., a direction intersecting at 45°). 
[0039] A first insulating layer 43 is formed on the semiconductor 
substrate 40 and the regions 41, 42, and first wirings 44 are electrically 
connected to regions 41 on one side through contact holes formed in the 
first insulating layer 43. Electrodes 45 are electrically connected to 
regions 42 on the other side through contact holes formed in the first 
insulating layer 43. 

[0040] A second insulating layer 46 is formed on the first insulating 
layer 43, and second wirings 47 are electrically connected to the 
electrodes 45 through contact holes formed in this second insulating 
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layer 46. This results in electrically connecting the regions 42 on the 
other side through the electrodes 45 to the second wirings 47. 
[0041] A protective layer 48 is formed on the second insulating layer 
46. The first insulating layer 43, the second insulating layer 46, and 
5 the protective layer 48 are made of Si0 2 , SiN, or the like. The first 

wirings 44, electrodes 45, and second wirings 47 are made of such metal 
as Al. 

[0042] Each first wiring 44 electrically connects regions 41 on one side 
in respective pixels 11^, in the first direction, and is arranged to extend 

10 in the first direction between pixels limn. By connecting regions 41 on 

one side in the respective pixels limn by the first wiring 44 in this 
manner, photosensitive portions 12mn on one side (e.g., photosensitive 
portions 12n-12i N on one side) are electrically connected across a 
plurality of pixels ll n -lli N , H21-H2N, Umi-Umn arrayed in the first 

15 direction in the two-dimensional array, to constitute a photosensitive 

part extending long in the first direction in the photosensitive region 10. 
This photosensitive part extending long in the first direction is formed 
in each of M columns. 

[0043] Each second wiring 47 electrically connects regions 42 on the 
20 other side in respective pixels limn in the second direction, and is 

arranged to extend in the second direction between pixels limn- By 
connecting regions 42 on the other side in the respective pixels limn by 
the second wiring 47 in this manner, photosensitive portions 13mn on the 
other side (e.g., photosensitive portions 13h-13mi on the other side) are 
25 electrically connected across a plurality of pixels 11u-11mi, H12- 

11m2,..., 11in-11mn arrayed in the second direction in the two- 
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dimensional array, to constitute a photosensitive part extending long in 
the second direction in the photosensitive region 10. This 
photosensitive part extending long in the second direction is formed in 
each of N rows. 

[0044] In the photosensitive region 10 there are the M columns of 
photosensitive parts extending long in the first direction and the N rows 
of photosensitive parts extending long in the second direction, formed 
on an identical plane. 

[0045] The shape of regions 41, 42 does not have to be limited to the 
approximately triangular shape shown in Fig. 2, but may be any other 
shape, as shown in Figs. 4 to 8. 

[0046] The second conductivity type semiconductor regions 
(photosensitive portions) shown in Fig. 4 are of rectangular shape, when 
viewed from the light-incident direction, and in each pixel two regions 
41, 42 are formed adjacent on the longer side to each other. The 
regions 41 (photosensitive portions 12^) and the regions 42 
(photosensitive portions 13™) are alternately arrayed in the second 
direction. The areas of the second conductivity type semiconductor 
regions in the first direction and in the second direction per pixel may 
be different from each other if the areas are constant in each of the 
directions among the pixels, as shown in Fig. 4. Namely, the point is 
that the total area is kept constant for photosensitive regions connected 
to each of all the wirings extending in the same direction. 
[0047] The second conductivity type semiconductor regions 
(photosensitive portions) shown in Fig. 5 include regions 41 of 
approximately triangular shape on one side continuously formed in the 
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first direction. The regions 42 on the other side are of approximately 
triangular shape and are formed independently of each other among the 
pixels limn. The regions 41 (photosensitive portions 12™) and the 
regions 42 (photosensitive portions 13™) are alternately arrayed in the 
5 second direction. In the case where the regions 41 on one side are 

continuously formed in the first direction, the first wirings 44 are not 
always necessary. However, it can possibly result in increase of series 
resistance and, in turn, decrease of readout speed, and it is thus 
preferable to provide the first wirings 44 for electrically connecting the 

10 regions 41. 

[0048] The second conductivity type semiconductor regions 
(photosensitive portions) shown in Fig. 6 consist of four regions 41a, 
41b, 42a, and 42b per pixel, and are electrically connected by first 
wiring 44 or second wiring 47, while diagonally located regions are 

15 paired. The regions 41 (photosensitive portions 12™) and the regions 

42 (photosensitive portions 13™) are alternately arrayed in the first 
direction and in the second direction. In addition, the regions 41 
(photosensitive portions 12™) and the regions 42 (photosensitive 
portions 13™) are alternately arrayed in the third direction and in the 

20 fourth direction. 

[0049] The second conductivity type semiconductor regions 
(photosensitive portions) shown in Fig. 7 are formed so that two 
pectinate regions 41, 42 are in mesh with each other. 
[0050] The second conductivity type semiconductor regions 

25 (photosensitive portions) shown in Fig. 8 are of four or more-sided 

polygonal shape (e.g., octagon), when viewed from the light-incident 
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direction, and in each pixel they are formed adjacent on one side to each 
other. The regions 41 and 42 are juxtaposed in the third direction 
intersecting with the first direction and with the second direction in each 
pixel, and they are arrayed in honeycomb structure when viewed from 
5 the light-incident direction. Namely, the regions 41 (photosensitive 

portions 12™) and the regions 42 (photosensitive portions 13™) are 
alternately arrayed in the third direction and in the fourth direction. 
[0051] Subsequently, the configuration of the signal processing circuit 
20 will be described on the basis of Fig. 9. Fig. 9 is a schematic 

1 0 configuration diagram showing the signal processing circuit. 

[0052] The signal processing circuit 20 is a circuit for detecting the 
luminance profiles in the second direction and the luminance profiles in 
the first direction of light incident to the photosensitive region 10, and 
outputs voltages V ou t indicating the luminance profiles in the second 

1 5 direction and in the first direction. 

[0053] The signal processing circuit 20 has switches 21, a shift register 
22, and an integrating circuit 23, as shown in Fig. 9. The switches 21 
are provided corresponding to the groups of photosensitive portions 
12™ on one side electrically connected among a plurality of pixels lln- 

20 11 in, II21-II2N, . , Hmi-11mn arrayed in the first direction (M columns 

of photosensitive parts comprised of second conductivity type 
semiconductor regions 41 on one side and extending long in the first 
direction) and corresponding to the groups of photosensitive portions 
13™ on the other side electrically connected among a plurality of pixels 

25 Hh-Umi, Hi2-Hm2, - , Hin-Umn arrayed in the second direction (N 

rows of photosensitive parts comprised of second conductivity type 
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semiconductor regions 42 on the other side and extending long in the 
second direction). The shift register 22 is a device for sequentially 
reading in the second direction, electric currents from the groups of 
photosensitive portions 12™ on one side electrically connected among 
5 the plurality of pixels ll n -lli N , H21-H2N,-, Umi-Umn arrayed in the 

first direction and for sequentially reading in the first direction, electric 
currents from the groups of photosensitive portions 13™ on the other 
side electrically connected among the plurality of pixels 11h-11mi, 11 12- 
11m2,..., 11in-Hmn arrayed in the second direction. The integrating 

10 circuit 23 sequentially imports the electric currents from the respective 

groups of photosensitive portions 12™ on one side and the electric 
currents from the respective groups of photosensitive portions 13™ on 
the other side sequentially read by the shift register 22, and converts the 
electric currents into voltages. 

15 [0054] The switches 21 are controlled by signals shift(m), shift(M+n) 

outputted from the shift register 22, to be sequentially closed. As the 
switches 21 are closed, charges accumulated in the groups of 
photosensitive portions 12m,, on one side electrically connected among 
the plurality of pixels llu-llm, H21-H2N,-, Umi-Umn arrayed in the 

20 first direction are outputted in the form of an electric current through the 

first wiring 44 and switch 21 to the integrating circuit 23. As the 
switches 21 are closed, charges accumulated in the groups of 
photosensitive portions 13™ on the other side electrically connected 
among the plurality of pixels 11h-11mi» Hi2-Hm2, Hin-Umn arrayed 

25 in the second direction are outputted in the form of an electric current 

through the second wiring 47 and switch 21 to the integrating circuit 23. 
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The shift register is controlled in its operation by signals <Di, <X> 2 , 
outputted from a control circuit (not shown), to sequentially close the 
switches 21. 

[0055] The integrating circuit 23 includes an amplifier 24, a capacitor 
25, and a switch 26. The amplifier 24 imports the electric currents 
from the groups of photosensitive portions 12^ on one side electrically 
connected among the plurality of pixels 11h-11in, H21-H2N,"-, Umi- 
IImn arrayed in the first direction and the electric currents from the 
groups of photosensitive portions 13™ on the other side electrically 
connected among the plurality of pixels 11h-11mi, Hi2-Hm2, Hin- 
IImn arrayed in the second direction, and amplifies the charges of the 
input electric currents. The capacitor 25 is connected at one teiminal 
to an input terminal of the amplifier 24, and is connected at the other 
terminal to an output terminal of the amplifier 24. The switch 26 is 
connected at one terminal to the input terminal of the amplifier 24 and 
connected at the other terminal to the output terminal of the amplifier 
24, and turns into an "ON" state with a reset signal <D rese t from the 
control circuit being High, or turns into an "OFF" state with the reset 
signal Oreset being Low. 

[0056] While the switch 26 is in the "ON" state, the integrating circuit 
23 discharges electricity from the capacitor 25 to initialize it. On the 
other hand, while the switch 26 is in the "OFF" state, the integrating 
circuit 23 accumulates in the capacitor 25, the charge fed to the input 
terminal from each of the groups of photosensitive portions 12^ on one 
side electrically connected among the plurality of pixels lln-llm, H21- 
11 2 n,..., 11mi-Hmn arrayed in the first direction and the groups of 
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photosensitive portions 13^ on the other side electrically connected 
among the plurality of pixels 11h-11mi, H12-HM2, Hin-Umn arrayed 
in the second direction, and outputs the voltage V ou t according to the 
accumulated charge, from the output terminal. 
5 [0057] Subsequently, the operation of signal processing circuit 20 will 

be described on the basis of Fig. 10. Fig. 10 is a timing chart for 
explaining the operation of the signal processing circuit. 
[0058] In Fig. 10, when the shift register 22 receives a start signal O st 
from the control circuit, it sequentially outputs the signals shift (m), 

10 shift (M+n) with a pulse width corresponding to a duration between a 

rise of signal <D 2 and a fall of signal Oi . As the shift register 22 outputs 
shift (m), shift (M+n) to the corresponding switches 21, the switches 21 
are sequentially closed, whereupon charges stored in the corresponding 
groups of photosensitive portions 12^ on one side and groups of 

15 photosensitive portions 13™ on the other side are sequentially outputted 

in the form of an electric current to the integrating circuit 23. 
[0059] The integrating circuit 23 receives the reset signal O reset from the 
control circuit, and accumulates in the capacitor 25 the charges 
accumulated in the corresponding groups of photosensitive portions 

20 lima on one side and groups of photosensitive portions on the other 

side during periods of the reset signal O reset in the "OFF" state, and the 
integrating circuit 23 sequentially outputs the voltages V out according to 
amounts of the accumulated charges. When the reset signal O rese t is in 
the "ON" state, the integrating circuit 23 closes the switch 26 to 

25 initialize the capacitor 25 . 

[0060] In this manner, the signal processing circuit 20 sequentially 
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outputs the voltages V out corresponding to the charges (electric currents) 
accumulated in the groups of photosensitive portions 12™ on one side 
electrically connected among the plurality of pixels lln-llm, H21- 
11 2 n, -, Umi-Umn arrayed in the first direction and the charges (electric 

5 currents) accumulated in the groups of photosensitive portions 13™ on 

the other side electrically connected among the plurality of pixels ll n - 
IImi, 11 12 -11m2, .., Hin-Umn arrayed in the second direction, in the 
form of time-series data for each of the corresponding groups of 
photosensitive portions 12™ on one side and groups of photosensitive 

10 portions 13™ on the other side. This time-series data indicates the 

luminance profiles in the second direction and the luminance profiles in 
the first direction. 

[0061] In the photodetector 1 of the present embodiment, as described 
above, light incident on one pixel 11™ enters each of the plurality of 

15 photosensitive portions 12™, 13™ forming the pixel 11™, whereupon 

an electric current according to an intensity of the light is outputted 
from each of the photosensitive portions 12™, 13™. Since the 
photosensitive portions 12™ on one side are electrically connected to 
each other across the plurality of pixels lln-llw, H21-H2N,—, Umi- 

20 IImn arrayed in the first direction in the two-dimensional array, the 

electric current outputted from the photosensitive portions 12™ on one 
side is fed in the first direction. Since the photosensitive portions 13™ 
on the other side are electrically connected to each other across the 
plurality of pixels 11h-11mi, Hw-Hkd,-, Hin-Umn arrayed in the 

25 second direction in the two-dimensional array, the electric current 

outputted from the photosensitive portions 13™ on the other side are fed 
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in the second direction. In this manner, the electric current outputted 
from the photosensitive portions 12™ on one side is fed in the first 
direction and the electric current outputted from the photosensitive 
portions 13™ on the other side is fed in the second direction; therefore, 
5 it enables the luminance profiles in the first direction and the luminance 

profiles in the second direction to be obtained independently of each 
other. In consequence, the two-dimensional position of incident light 
can be quickly detected by the extremely simple configuration wherein 
a plurality of photosensitive portions 12™, 13™ are provided in each 
10 pixel. 

[0062] In the photodetector 1 of the present embodiment, each 
photosensitive portion 12™, 13™ includes a part of semiconductor 
substrate 40 and second conductivity type semiconductor regions 41, 
42, the second conductivity type semiconductor regions 41, 42 are of 

15 approximately triangular shape when viewed from the light-incident 

direction, and they are formed adjacent on one side to each other in each 
pixel. This makes it feasible to suppress reduction of the area of each 
photosensitive portion 12™, 13™ (second conductivity type 
semiconductor region 41, 42) in the arrangement of multiple 

20 photosensitive portions 12™, 13™ in each pixel. 

[0063] In the photodetector 1 of the present embodiment, the second 
conductivity type semiconductor regions 41, 42 are of approximately 
rectangular shape when viewed from the light-incident direction, and 
are formed adjacent on the longer side to each other in each pixel. 

25 This makes it feasible to suppress reduction of the area of each 

photosensitive portion 12™, 13™ (second conductivity type 
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semiconductor region 41, 42) in the arrangement of multiple 
photosensitive portions 12™, 13nm in each pixel. 

[0064] In the photodetector 1 of the present embodiment, the second 
conductivity type semiconductor regions 41, 42 are of four or more- 
5 sided polygonal shape when viewed from the light-incident direction, 

and are formed adjacent on one side to each other in each pixel. This 
makes it feasible to suppress reduction of the area of each 
photosensitive portion 12™, 13™ in the arrangement of multiple 
photosensitive portions 12™, 13™ (second conductivity type 
10 semiconductor regions 41, 42) in each pixel. The circumferential 

length decreases relative to the area of each photosensitive portion 12™, 
13™, and it results in decreasing a reduced dark current per unit area. 
The rhombus shape may be adopted as the four or more-sided polygonal 
shape. 

15 [0065] In the photodetector 1 of the present embodiment, the second 

conductivity type semiconductor regions 41, 42 are juxtaposed in the 
third direction intersecting with the first direction and with the second 
direction in each pixel. This results in concentrating the photosensitive 
portions 12™, 13™ corresponding to the central portions of the groups 

20 of respective photosensitive portions 12™, 13™ in the groups of 

photosensitive portions 12™ on one side and in the groups of 
photosensitive portions 13™ on the other side, whereby the resolution 
can be improved. 

[0066] In another configuration, the second conductivity type 
25 semiconductor regions 41, 42 are arrayed in honeycomb structure when 

viewed from the light-incident direction. This makes it feasible to 
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further suppress the reduction of the area of each photosensitive portion 
12™, 13™ in the arrangement of multiple photosensitive portions 12™, 
13™ (second conductivity type semiconductor regions 41, 42) in each 
pixel. This structure has high geometric symmetry and suppresses 
5 nonuniformity due to positional deviation of a mask used for formation 

of the second conductivity type semiconductor regions 41, 42 
(photosensitive portions 12™, 13™). 

[0067] In the photodetector 1 of the present embodiment, the first 
wirings 44 are provided so as to extend in the first direction between the 

10 pixels 11™ and the second wirings 47 are provided so as to extend in the 

second direction between the pixels 11™. This prevents each of the 
wirings 44, 47 from blocking incidence of light into the photosensitive 
portions 12™, 13™ (second conductivity type semiconductor regions 
41, 42), and it is thus feasible to suppress degradation of detection 

15 sensitivity. 

[0068] In the photodetector 1 of the present embodiment, one signal 
processing circuit 20 detects each of the luminance profiles in the first 
direction and the luminance profiles in the second direction. Since the 
common circuit is used as a circuit for processing the electric currents 

20 from the groups of photosensitive portions 12™ on one side and as a 

circuit for processing the electric currents from the groups of 
photosensitive portions 13™ on the other side, the circuit area can be 
reduced, so as to achieve cost reduction. 

[0069] The photodetector 1 of the present embodiment has the shift 
25 register 22 and the integrating circuit 23. This enables the apparatus to 

obtain the luminance profiles in the first direction and the luminance 
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profiles in the second direction by the extremely simple configuration. 
[0070] Next, a configuration of a modification example of the signal 
processing circuit will be described on the basis of Fig. 1 1 . Fig. 1 1 is a 
schematic configuration diagram showing the modification example of 
the signal processing circuit. 

[0071] The signal processing circuit 100, as shown in Fig. 11, has 
integrating circuits 110, CDS circuits 120, sample-and-hold circuits 
(hereinafter referred to as S/H circuits) 130, a maximum detecting 
circuit 140, a shift register 150, switches 160, and an A/D converter 
circuit 170. 

[0072] The integrating circuits 110 are provided corresponding to the 
groups of photosensitive portions 12,^ on one side electrically 
connected among the plurality of pixels lln-llm, H21-II2NV, Umi- 
IImn arrayed in the first direction (the M columns of photosensitive 
parts comprised of second conductivity type semiconductor regions 41 
on one side and extending long in the first direction) and corresponding 
to the groups of photosensitive portions 13nui on the other side 
electrically connected among the plurality of pixels Uu-11mi, H12- 
11m2,..., 11in-Hmn arrayed in the second direction (the N rows of 
photosensitive parts comprised of second conductivity type 
semiconductor regions 42 on the other side and extending long in the 
second direction), and each integrating circuit 110 converts one of the 
electric currents from the corresponding groups of photosensitive 
portions 12m!, on one side and the electric currents from the 
corresponding groups of photosensitive portions 13™ on the other side, 
into a voltage, and outputs the voltage. Each integrating circuit 110, as 
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shown in Fig. 12, is comprised of an amplifier Ai, a capacitor Ci, and a 
switch SWi connected in parallel with each other between an input 
terminal and an output terminal. While the switch SWi is closed, the 
integrating circuit 110 discharges electricity from the capacitor C x to 
5 initialize it. On the other hand, while the switch SWi is open, the 

integrating circuit 110 accumulates a charge fed to the input terminal, in 
the capacitor Ci, and outputs a voltage according to the accumulated 
charge from the output terminal. The switch SWi is opened and closed 
on the basis of a Reset signal fed from the control circuit (not shown). 

10 [0073] The CDS circuits 120 are provided corresponding to the 

integrating circuits 110, and each CDS circuit 120 outputs a voltage 
according to a variation amount in the voltage outputted from the 
corresponding integrating circuit 110. Each CDS circuit 120, as shown 
in Fig. 13, has a switch SW 2 i, a coupling capacitor C 2 i, and an amplifier 

15 A 2 in the order named between an input terminal and an output terminal. 

In addition, a switch SW 22 and an integral capacitor C 22 are connected in 
parallel with each other between the input and output of the amplifier 
A 2 . The switch SW 22 and switch SW 2) act as switching means for 
letting the integral capacitor C& accumulate a charge. While the 

20 switch SW 22 is closed, the CDS circuit 120 discharges electricity from 

the integral capacitor C 22 to initialize it. While the switch SW 22 is 
open and the switch SW 2] is closed, a charge fed from the input terminal 
through the coupling capacitor C 2 i is accumulated into the integral 
capacitor C22, and a voltage according to the accumulated charge is 

25 outputted from the output terminal. The switch SW 2] is opened and 

closed on the basis of a CSW 2] signal outputted from the control circuit. 
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The switch SW22 is opened and closed on the basis of a Clamp 1 signal 
outputted from the control circuit. 

[0074] The S/H circuits 130 are provided corresponding to the CDS 
circuits 120, and each S/H circuit 130 holds and outputs the voltage 
5 outputted from the corresponding CDS circuit 120. Each S/H circuit 

130, as shown in Fig. 14, has a switch SW 3 and an amplifier A 3 in the 
order named between an input terminal and an output terminal, and a 
connection point between the switch SW 3 and the amplifier A 3 is 
grounded through a capacitor C 3 . While the switch SW 3 is closed, the 

10 S/H circuit 130 stores the voltage outputted from the CDS circuit 120, 

in the capacitor C 3 , and holds the voltage in the capacitor C 3 even after 
the switch SW 3 is opened. The S/H circuit 130 outputs the voltage 
through the amplifier A 3 . The switch SW 3 is opened and closed on the 
basis of a Hold signal outputted from the control circuit. The switches 

15 160 are sequentially opened under control of the shift register 150 to 

sequentially feed the voltages outputted from the S/H circuits 130, to the 
A/D converter circuit. 

[0075] The maximum detecting circuit 140 detects a maximum of the 
voltages outputted from the respective S/H circuits 130. The 

20 maximum detecting circuit 140, as shown in Fig. 15, has NMOS 

transistors Ti-T m +n, resistors Ri-R 3 , and a differential amplifier A4. 
Source terminals of the respective transistors T]-T m +n are grounded, and 
drain terminals of the respective transistors Ti-T m +n are connected 
through the resistor R 3 to a supply voltage V d d and connected through 

25 the resistor Ri to an inverting input terminal of the differential amplifier 

A4. A gate terminal of each transistor T]-T m +n is connected to the 
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output terminal of S/H circuit 130 and imports the voltage outputted 
from the S/H circuit 130. The resistor R 2 is provided between the 
inverting input terminal and the output terminal of the differential 
amplifier A4, and a noninverting input terminal of the differential 
5 amplifier A4 is grounded. In this maximum detecting circuit 140, the 

voltages outputted from the S/H circuits 130 are fed to the gate 
terminals of the corresponding transistors Ti-T m +n, and a potential 
according to the maximum out of the voltages appears at the drain 
terminals of the transistors Ti-T M+N . Then the potential at the drain 
10 terminals is amplified at an amplification rate according to the ratio of 

resistances of the respective resistors Ri and R 2 by the differential 
amplifier A4, and the value of the amplified voltage is outputted as a 
maximum voltage V max from the output terminal to the A/D converter 
circuit 170. 

15 [0076] The A/D converter circuit 170 sequentially imports the voltages 

outputted from the respective S/H circuits 130, converts the voltages 
into digital values on the basis of the maximum detected by the 
maximum detecting circuit 140, and outputs the digital values. The 
A/D converter circuit 170 imports the maximum voltage V max outputted 

20 from the maximum detecting circuit 140, and defines this maximum 

voltage V max as an A/D conversion range. Then the A/D converter 
circuit 170 sequentially imports the voltages outputted from the S/H 
circuits 130 through the switches 160 and amplifier 180, converts the 
voltages (analog values) into digital values, and outputs the digital 

25 values. The A/D converter circuit 170, as shown in Fig. 16, has a 

variable capacitance integrating circuit 171, a comparator 172, a 
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capacitance controller 173, and a readout circuit 174. 
[0077] The variable capacitance integrating circuit 171 has a capacitor 
C 5 i, an amplifier A 5 , a variable capacitor C52, and a switch SW 5 . The 
amplifier A 5 imports the voltages sequentially outputted from the S/H 
circuits 130 and arriving via the switches 160, through the capacitor C51 
to its inverting input terminal. A noninverting input terminal of the 
amplifier A 5 is grounded. The variable capacitor C52 is variable and 
controllable in its capacitance, is provided between the inverting input 
terminal and the output terminal of the amplifier A 5 , and accumulates a 
charge according to an input voltage. The switch SW 5 is provided 
between the inverting input terminal and the output terminal of the 
amplifier A 5 , lets the variable capacitor C52 accumulate a charge during 
opening of the switch SW 5 , and resets the charge accumulation in the 
variable capacitor C 52 during closing. Then the variable capacitance 
integrating circuit 171 imports the voltages sequentially outputted from 
the S/H circuits 130, integrates them according to the capacitance of the 
variable capacitor C 52 , and outputs voltages as results of the integration. 
[0078] The comparator 172 imports each voltage from the variable 
capacitance integrating circuit 171 to its inverting input terminal, 
imports the maximum voltage from the maximum detecting circuit 
140 to its noninverting input terminal, compares values of these two 
input voltages, and outputs a comparison result signal as a result of the 
comparison. 

[0079] The capacitance controller 173 imports the comparison result 
signal outputted from the comparator 172, outputs a capacitance 
command signal C to control the capacitance of the variable capacitor 
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C52 on the basis of this comparison result signal, and outputs a first 
digital value according to the capacitance of the variable capacitor C52 
when it is determined that the value of the voltage as a result of the 
integration based on the comparison result signal and the maximum 

5 voltage V max agree with each-other in a predetermined resolution. 

[0080] The readout circuit 174 imports the first digital value outputted 
from the capacitance controller 173, and outputs a second digital value 
corresponding to this first digital value. The second digital value 
indicates a value obtained by subtracting an offset value of the variable 

10 capacitance integrating circuit 171 from the first digital value. The 

readout circuit 174 is, for example, a storage device, and it imports the 
first digital value as an address and outputs data stored at the address in 
the storage device, as the second digital value. The second digital 
values provide the output indicating the luminance profiles in the 

15 second direction and the luminance profiles in the first direction. 

[0081] As described above, the maximum voltage Vmax outputted from 
the maximum detecting circuit 140 and fed into the comparator 172 
defines the maximum of voltages or A/D conversion range where the 
A/D converter circuit 170 can perform A/D conversion without 

20 saturation. In addition, since at least one of the voltages fed to the A/D 

converter circuit 170 must be the maximum voltage V max , the entire 
scope of the above A/D conversion range can be effectively utilized. 
Namely, the photodetector 1 of the present embodiment has excellent 
resolutions of A/D conversion not only at high intensities of light but 

25 also at low intensities of light. 

[0082] In addition, even if each of the integrating circuits 110 has 
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different noise variations depending upon the integrating operations, the 
CDS circuits 120 will eliminate noise error. 

[0083] Since the integrating circuits 110 are provided corresponding to 
the respective groups of photosensitive portions 12™, 13™, charges can 
5 be accumulated at the same timing from the respective groups of 

photosensitive portions 12™, 13™, and amounts of those charges can be 
converted into voltages. 

[0084] In consequence of these, it is feasible to accurately and quickly 
obtain the luminance profiles in the first direction and the luminance 

10 profiles in the second direction. The above operations of the 

integrating circuits 110, CDS circuits 120, S/H circuits 130, maximum 
detecting circuit 140, shift register 150, switches 160, A/D converter 
circuit 170, etc. are described, for example, in Japanese Patent 
Application Laid-Open No. 2001-36128 filed by Applicant. 

15 [0085] The present invention is by no means limited to the above 

embodiments. For example, instead of use of the shift register, it is 
also possible to adopt a configuration wherein uniform resistance lines 
are used to connect the photosensitive portions 12™, 13™ (second 
conductivity type semiconductor regions 41, 42), charges generated 

20 with incidence of light are taken out from ends of the resistance lines, 

based on such resistance division as to establish inverse proportion to 
distances between positions of flow into the resistance lines and the 
ends of the respective resistance lines, and the position of incidence of 
light is determined based on electric currents from the ends. 

25 [0086] In the aforementioned embodiment, each pixel was comprised of 

a plurality of photosensitive portions, but each pixel may be comprised 
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of one photosensitive portion. For example, as shown in Fig. 17, the 
photosensitive region 10 includes a plurality of first photosensitive 
portions 12™ electrically connected to each other in the first direction 
and a plurality of second photosensitive portions 13™ electrically 
connected to each other in the second direction, and the first 
photosensitive portions 12™ and the second photosensitive portions 
13,™ may be arrayed in a two-dimensionally mixed state in an identical 
plane. In this case, the first photosensitive portions 12™ and the 
second photosensitive portions 13™ are arrayed in a checkered pattern, 
and the first photosensitive portions 12™ and the second photosensitive 
portions 13™ are alternately arrayed in the first direction and in the 
second direction. The photosensitive portions may also be arrayed in 
the honeycomb structure as shown in Fig. 8, instead of the array of the 
checkered pattern. 
Industrial Applicability 

[0087] The photodetector of the present invention is applicable to 
systems for detecting the incidence position of reflected light or direct 
light. 
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